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PREFACE 

This  izpofvt  dticAA.beJ>  the.  ^lood  choAacteAlitlc^  of,  the  VelZomtone  RlveA. 
^Jiotn  about  Alx  miteJt  upitAecwi  to  about  Alx  irUZeA  doiomt/iexm  i^^om  the  cJjty  0(5  LivlnQhton, 
Hontana.     The  afieai>  iubject  to  f^Zoodlng  i^^om  the  VeLiomtone  V.lveA  w.ithln  thU  itudy 
A-ejack  axe  pnAjnajuZui  acfKlcuttu/uit ,  KecAeatconal,  neAldevvtiaJi,  and  commeJicJjiZ  Zand^. 

Thli  fiepofvt  tooA  pKepa/ied  (^01  the  guidance  o{^  to  cat  ofi^lclaLi  in  ptannlng  the 
uie  and  fieguZatlon  of^  the  f^tood  ptaxn.     Two  potentxat  f^toodi  axe  uAcd  to  fiepfie^ent 
degfiets  0^  majoK  {^toodiing  that  may  occuA  In  the  f^utuAe.     The^e  two  dtoods,  InteAmediate 
Reglonat  and  Standard  Project  VtoodA,  oAt  defined  -in  the  gtoAioAy  and  ihouZd  be  given 
appKopfiAJite  cotUtldefujution  in  ptanning  (^OK  iaf^ety  of^  deveZopment  in  the  ^tood  ptain.     The 
tuoo  potentiat  f,toodi  axe  f^uxtheK  def,ined  by  ^tooded  axeja  mapi,  that  ihow  the  appxoximate 
axe/U)  that  wouZd  be  inundated.     Ftood  pxo^iZe^  ihow  the  nYxtex  depth&  xetative  to  the. 
itxe/mbed  and  ^tood  etevationA  acn.oi6  the  width  0^  the  vaLtey.     Cxoi&  iection&  axe 
pxeJ>ented  to  indicate  gxound  tevet  acxo66  the  vatZey  and  the  ovextying  {[tood  depthd . 
The  itood  pKo(^iJie.i>  and  (flooded  axea  data  pKt&ented  axe  boAed  on  existing  conditioni, 
o{  the  baiin,  6txeam  and  vatZey  when  the  xepoxt  woi  pxepaxed.     Fuxthex  uxbanization  0^  the 
dxainage  ba&in  may  incxeoie  fiuno^^  and  ^tooding.     Poiiibte  ^utuxe  impxovementi  to  contxot 
{^oodi,  axe  not  a  con&idexation  0^  thij,  xepoAt.     The  in^oxmation  in  thii  xepoxt  does  not 
impty  TedexaZ.  inttxe^t  ox  authoxity  to  zone  on.  xegutate  uie  0^  the  ^tood  ptainA;  tkii 
ii  a  tocaZ  xeAponiibiLity.     The  xepoxt  pxovide^  a  Auitabte  604-64  1^0^  the  adoption  0^ 
tand  a&e  contxoti  to  guide  {^tood  ptaln  development,  wiXh  con&idexation  ^ox  enviAonmentat 
attxibuteJ),  and  thexeby  pxevent  inten&i{iiaition  o{^  toi6  pxobtemi.     Since  It  identi^ie^ 
itood  pxobtemi,  the  xepoxt  wilt  Atijnuiate  the  development  o/^  othex  ^tood  damage  xeduc- 
tion  techniques  iuch  04  itood  contxot,  xemoval  oi  obitxuctioni  and  (^tood  pxoof^ing,  which 
might  be  used  in  an  ovexalt  Ftood  Ptain  Management   (FPM)  pxogxam. 

Tlvii  xepoxt  wa4  pxepaxed  by  the  Omaha  Vijitxict,  Coxpi  0^  Engineexi ,  in  accox- 

dance  with  the  authonJXy  gxanted  by  Section  206  of,  the  Ftood  Contxot  Act  of,   1960  [Pubtic 

Law  S6-645)  oA  amended.     The  study  10x4  xeqatsted  by  Paxk  County,  Montana  thxough  the 
Uontana  Vepaxtment  of,  Natuxal  ReAouxcc6. 

The  oMlitance  and  coopexation  of  County  and  City  officials,  04  well  ai  pxivate 
oxganizationi,  and  indiviAuati  in  providing  information  and  othex  data  woA  most  helpful. 

Vistnibution  of  the  xepoxt  to  officiate,  agencies  and  individuate  concexned 
with  ptanning  in  the  axexi  covexed  Is  made  by  Paxk  County.     The  Coxps  of  Engineexs  will 
provide  itvtexpnetation  and  technical  assistance,  if  xequested,  in  apptication  of  the 
xepoxt  data.     Othex  guidelines  available  fxom  tlie  Coxps  of  Bnglneexs  axe  a  pamphlet, 
"Guidelines  fox  Reducing  Ftood  Vamages"  and  a  booklet,   "Introduction  -to  Ftood  Proofing". 


BACKGROUND  INFORMATION 

SETTLEMENT 

The  first  white  people  entered  the  Livingston  vicinity  on 
15  July  1806.  They  were  members  of  the  Lewis  and  Clark  expedition  enroute 
to  St.  Louis,  Missouri.  Historical  documents  indicate  that  the  party  spent 
three  hours  at  the  present  site  of  Livingston  resting  and  grazing  their 
horses  before  continuing  down  the  Yellowstone  Valley.  During  the  next  three 
decades  following  the  Lewis  and  Clark  expedition,  the  area  was  intermittently 
frequented  by  hundreds  of  men  engaged  in  trapping  fur-bearing  animals,  es- 
pecially beaver.  The  area  remained  relatively  quiet  until  1862  when  gold 
was  discovered  at  Bannack,  Montana.  This  discovery  and  those  in  the  area 
that  followed  brought  thousands  of  people  through  the  Livingston  area  in  the 
I860's  and  70's.  The  area  during  the  early  part  of  this  period  served  as 
the  point  where  travelers  left  the  Yellowstone  River  and  travelled  over- 
land across  the  mountains  to  the  West.  Later,  people  such  as  ranchers  and 
businessmen  came  to  the  Livingston  vicinity  interested  in  establishing  a 
permanent  settlement.   In  1868  a  small  settlement  known  as  Benson's  Landing 
was  established  along  the  Yellowstone  River  four  miles  east  of  the  present 
site  of  Livingston.   It  remained  a  focal  point  in  the  area  for  many  years. 
Then  in  1879  the  town  of  Clark  City  was  founded  at  the  present  site  of 
Livingston.  However,  unknown  to  the  citizens  of  Clark  City,  the  Northern 
Pacific  Railroad  established  on  their  maps  the  name  of  this  town  as 
Livingston  in  honor  of  Crawford  Livingston,  a  Northern  Pacific  director. 
The  new  town  continued  to  grow  in  anticipation  of  the  coming  of  the  Northern 
Pacific  Railroad  which  reached  Livingston  on  22  November  1882.  Later,  in 
1888,  Livingston  became  incorporated. 

Livingston  today  is  a  modern  progressive  community  boasting 
churches,  a  hospital ,  newspapers,  a  radio  station,  and  industrial  and  commer- 
cial interests.   It  is  the  county  seat  of  Park  County  -  a  county  comprised 
of  areas  devoted  to  such  enterprises  as  farming,  ranching,  lumber  produc- 
tion, and  recreation. 


THE  STREAM  AND  ITS  VALLEY 

The  Yellowstone  River  Is  located  In  the  upstream  reaches  of  the 
Missouri  River  Basin.   It  originates  near  the  southeast  corner  of  Yellow- 
stone National  Park  near  the  Continental  Divide  In  southwestern  Park  County, 
Wyoming.   From  Its  source  near  elevation  12,000  feet  mean  sea  level  (m.s.l.), 
it  flows  northerly  to  Livingston,  Montana  via  Yellowstone  National  Park  and 
Yellowstone  Lake,   its  valley  through  this  reach  varies  from  steep,  winding, 
mountain  canyons  to  wide,  open  valleys  bordered  by  high  mountains.  Downstream 
from  Livingston  the  river  flows  in  a  general  northeasterly  direction  across 
southeastern  Montana  to  Its  confluence  with  the  Missouri  River  in  West  Central 
North  Dakota  near  Buford,  at  elevation  1860  feet  m.s.l.  This  portion  of  the 
river  valley  Is  essentially  open  and  wide  and  Is  used  primarily  for  agricul- 
tural purposes. 

The  Yellowstone  River  Basin  comprises  an  area  of  70,000  square 
miles  of  which  3600  square  miles  are  located  above  Livingston.  The  follow- 
ing table  gives  cl imatologlcal  data  for  the  Yellowstone  River  Valley. 

Table  I 
Yellowstone  River  Vall6y  CI Imatologlcal  Data 


Location 


Upstream  Reach 

(Ye I lowstone  Lake,  WYO) 

Livingston,  MT 

Downstream  Reach 

(Savage,  MT)  14.1  70.8  12.1 

At  Livingston,  Montana,  the  highest  and  lowest  temperatures  ever  recorded 
were  106  F  and  -45  F  respectively. 


Mean  Annual 

July  Mean 

January  Mean 

Precipitation 

Temperature 

Temperature 

( Inches) 

(°  F) 

(°  F) 

20.7 

55.4 

10.6 

14.7 

67.7 

25.7 

The  reach  of  the  Yellowstone  River  studied  in  this  report  is 
approximately  14.9  miles  long  measured  along  the  main  channel  centerline. 
It  begins  about  1/2  mile  upstream  from  the  confluence  of  the  Yellowstone 
River  and  Suce  Creek  and  ends  approximately  1/8  mile  downstream  from  the 
mouth  of  the  Shields  River.  This  reach  of  the  river  has,  at  various  points, 
more  than  one  channel  thus  forming  intermittent  islands.  The  Yellowstone 
River  falls  an  average  of  13.5  feet  per  mile  within  the  confines  of  the 
study  reach.  The  river  depth  below  bankful  ranges  from  approximately 
8  to  20  feet  with  the  average  depth  being  around  15  feet.  The  flood  plain 
widths  as  defined  by  this  study  vary  considerably  as  one  progresses  down 
the  river.  Above  reference  point  4  the  flood  plain  width  averages  approxi- 
mately 1800  feet.  Farther  downstream  in  the  canyon  area  below  the  Carter 
Bridge  (reference  point  5)  the  flood  plain  narrows  to  a  minimum  width  of 
MOO  feet.  From  this  region  downstream  to  Interstate  90  at  reference  point 
13  the  flood  plain  averages  2200  feet  in  width.  Between  Interstate  90  and 
U.S.  Highway  10  at  reference  point  22  the  average  width  is  2700  feet.  From 
U.S.  Highway  10  to  the  downstream  limit  of  the  study  reach  the  flood  plain 
averages  4,000  feet  wide  but  ranges  to  as  much  as  6,000  feet.  The  photo- 
graphs on  pages  4  through  8  show  existing  conditions  along  the  study  reach. 
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DEVELOPMENT  ON  THE  FLOOD  PLAIN 

Development  on  the  flood  plain  as  defined  in  this  report  is 
primarily  associated  with  Livingston,  a  city  having  a  1970  population  of 
6,883.  Flood  plain  development  has  not  only  occurred  within  the  confines 
of  the  Livingston  city  limits,  but  also  in  flood  plain  areas  adjacent  to 
Livingston,  especially  between  Livingston  and  the  Yellowstone  River  canyon 
area  located  to  the  south  in  the  vicinity  of  the  Carter  Bridge  (reference 
point  5).  South  of  the  Carter  Bridge  the  flood  plain  is  used  primarily  for 
agricultural  purposes.  Downstream  from  the  Carter  Bridge  more  development, 
especially  residential,  is  present.  This  development,  due  to  accessi- 
bility, is  confined  mainly  to  the  left  bank  of  the  Yellowstone  River  and  to 
Islands.  Siebeck  Island  remains  relatively  undeveloped.   It  does,  how- 
ever, contain  a  gravel  mining  operation  and  limited  residential  develop- 
ment. Just  downstream  lies  Ninth  Street  Island.  This  island  contains  a 
rather  substantial  amount  of  residential  area  and  recent  construction  is 
evident.  Both  of  these  areas  are  located  between  active  river  channels. 
Livingston  Island,  located  just  downstream  from  Ninth  Street  Island,  lies  bet- 
ween the  Yellowstone  River  and  an  old  river  channel.  This  channel,  which  was 
sealed  off  by  the  city  in  1921  and  1925,  is  now  called  Sacajawea  Lagoon  and 
is  part  of  the  city  park  development.  The  island  contains  some  development 
ranging  from  residential  to  commercial  to  public  facilities.  Farther  down- 
stream is  Riverside  Addition  located  between  the  Burlington  Northern  Rail- 
road and  Sacajawea  Lagoon.  This  area  contains  considerable  residential 
development.  Downstream  from  the  Burlington  Northern  Railroad  (reference 
point  23)  land  use  is  essentially  agricultural.  Throughout  this  study  reach, 
the  flood  plain  contains  numerous  streets  and  roads  as  well  as  U.S.  Highways 
10  and  89  and  Interstate  90  and  railroad  service  provided  by  Burlington 
Northern . 


FLOOD  SITUATION 

SOURCES  OF  DATA  AND  RECORDS 

Flow  records  for  the  study  reach  of  the  Yellowstone  River  are 
available  from  a  United  States  Geological  Survey  water  stage  recorder  gage 
located  four  miles  south  of  Livingston.  The  drainage  area  at  the  gage  is 
3,551  sguare  miles.  Records  at  this  gaging  site  date  back  as  far  as  1897. 

Information  on  past  floods  was  obtained  from  Corps  of  Engineers 
flood  records  and  from  past  issues  of  the  Livingston  Enterprise.  Photo- 
graphs used  in  the  report  are  by  the  Corps  of  Engineers.  Cross  sectional 
survey  data  obtained  specifically  for  this  report  in  the  summer  of  1973 
was  obtained  by  the  Corps  of  Engineers  using  services  of  the  U.S.  Geological 
Survey.  The  U.S.  Geological  Survey  provided  high  water  mark  data  corres- 
ponding to  various  flood  events.  Twenty-foot  contour  interval  U.S.G.S. 
quadrangle  maps  were  also  used  In  the  study.  Aerial  photographs  used  for  the 
flooded  area  mosaic  in  the  report  were  obtained  by  the  Corps  of  Engineers 
in  October  of  1973  using  the  services  of  the  Montana  Department  of  Highways. 
The  aerial  photographs  of  Figures  I  I  through  14  were  also  obtained  by  the 
Corps  of  Engineers. 

FLOOD  SEASON  AND  FLOOD  CHARACTERISTICS 

The  gaging  records  show  that  the  peak  annual  floods  on  the  Yellow- 
stone River  have  occurred  during  May  and  June.  These  floods  have  historical- 
ly been  due  to  mountain  snowmelt  supplemented  in  part  by  rainfall. 

FACTORS  AFFECTING  FLOODING  AND  ITS  IMPACT 

Obstructions  to  floodflows  -  Seven  roadways,  both  highway  and 
railroad,  cross  the  entire  Yellowstone  River  flood  plain  within  the  con- 
fines of  the  study  reach.  Roadways  which  are  elevated  above  the  flood  plain 
can  obstruct  flows  ^nd  create  greater  upstream  flood  depths.   If  they  cross 
the  flood  plain  at  an  angle  they  can  divert  water,  increasinq  the  flooded 
area.  The  severity  of  these  obstructions  and  diversions  and  the  ensuing 
damage  depends  upon  the  magnitude  of  the  particular  flood  event.  During 


the  flood  of  June  1974,  the  Burlington  Northern  Railroad  bridge  (Reference 
poltrt  23)  sustained  damage  when  the  large  floodflow  passing  through  the 
bridge  caused  the  south  portion  of  the  middle  bridge  pier  to  crack  and  settle. 

Trees,  brush,  and  other  forms  of  vegetation,  manmade  objects  such 
as  buildings  and  cars,  and  miscellaneous  debris  located  on  the  flood  plain 
can  cause  flow  obstructions.  These  items,  while  remaining  In  place,  not  only 
tend  to  create  higher  stages  on  the  flood  plain  due  to  reduce  flow  area  and 
flow  blockage,  but  may  also  create  higher  localized  velocities  as  the  flood- 
waters  flow  around  specific  items.   If  the  floodf lows  are  of  such  a  magnitude 
so  as  to  dislodge  the  debris,  flood  stages  may  lower  in  that  localized  area, 
but  the  debris  can  become  lodged  farther  downstream  against  other  flood  plain 
obstructions  thus  compounding  problems.  This  floating  debris  commonly  lodges 
against  bridge  piers  or  bridge  decks  reducing  flow  area,  or  if  severe  enough, 
causing  complete  channel  blockage.  These  situations  can  cause  severe  stage 
and  velocity  increases  accompanied  by  bridge  damage  or  complete  failure. 

Ice  can  also  cause  a  flow  obstruction  problem  similar  to  that 
described  above  for  debris.  However,  this  does  not  appear  to  be  a  frequent 
threat  in  the  study  reach  since  records  indicate  that  only  two  flood  events 
were  ice  affected  during  the  50  years  of  gaging  records. 

Flood  damage  reduction  measures  -  There  are  no  large  flood 
control  structures  on  the  Yellowstone  River  within  the  study  reach.   In 
June  1955,  the  Corps  of  Engineers  completed  an  emergency  bank  protection 
project  on  the  left  bank  of  the  Yellowstone  River  at  Livingston  between 
Nth  and  12th  Streets.  Local  interests  have  conducted  bank  protection 
projects  at  various  locations  throughout  the  study  reach,  especially  in 
the  Livingston  vicinity.  They  also  have  constructed  low  levees  along  a 
portion  of  Livingston  Island  and  at  other  locations.  Some  of  these  were 
constructed  in  anticipation  of  the  June  1974  flood.  Levees  constructed  by 
local  interests  along  the  left  bank  of  the  Yellowstone  River  from  reference 
point  15  to  reference  point  17  are  such  that  a  successful  flood  fight  can 


possibly  be  waged  along  this  reach  In  the  event  of  an  Intermediate 
Regional  Flood.  However,  due  to  the  irregularity  of  this  levee  top, 
for  the  purposes  of  this  report,  this  levee  was  considered  unable  to 
protect  against  the  Intermediate  Regional  Flood.  As  mentioned  earlier 
in  the  report,  the  city  of  Livingston,  In  1921  and  1923,  constructed  channel 
blocl^s  to  eliminate  the  Yellowstone  River  flow  from  what  Is  now  called 
Sacajawea  Lagoon.  The  city  of  Livingston  has  enacted  specific  regulations 
or  ordinances  governing  construction  in  that  portion  of  the  flood  plain 
located  within  the  Livingston  city  limits  known  as  St.  Mary's  Addition. 
This  area  is  roughly  bounded  by  Sacajawea  Lagoon  on  the  north,  H  Street 
on  the  east,  the  Livingston  city  limits  on  the  south,  and  the  west  boundary 
of  Section  18,  T2S,  RIOE  on  the  west.  No  evidence  of  flood  proofing  of  struc- 
tures in  the  flood  plain  is  apparent  other  than  that  provided  by  emergency 
measures  such  as  sandbags. 

Other  factors  and  their  Impacts  -  Several  smaller  streams  join 
the  Yellowstone  River  within  the  study  reach  of  this  report.  They  are  Bill- 
man  Creel<,  Fleshman  Creek,  Slaughterhouse  Creek,  and  the  Shields  River, 
which  are  left  bank  tributaries  of  the  Yellowstone  River  and  Suce  Creek,  Dry 
Creek,  Chicken  Creek,  and  Poison  Spider  Creek,  which  are  right  bank  tribu- 
taries. None  of  these  streams  were  studied  in  this  report.  Fleshman  and 
Blllman  Creeks  especially,  pose  flood  hazards  to  existing  development  asso- 
ciated with  the  city  of  Livingston.  High  water  flows  from  Fleshman  Creek 
can  enter  the  Livingston  business  district.  Likewise,  Billman  Creek  can 
Inundate  primarily  residential  area  west  of  Slebeck  Island.  The  flood 
hazard  presented  by  all  of  these  streams  can  be  reduced  by  implementinq 
flood  warning  systems,  flood  emergency  plans,  and  sound  flood  plain  manage- 
ment concepts. 

Flood  warning  and  forecasting  -  The  National  Oceanic  and 
Atmospheric  Administration  National  Weather  Service  provides  flash  flood 
warnings  for  the  Livingston  area  through  their  Billings,  Montana  office. 
Livingston  is  located  within  the  effective  weather  service  radar  network 
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which  has  the  capability  of  detecting  areas  of  intense  precipitation. 
River  stage  forecasts  are  issued  for  the  Yellowstone  River  at  Livingston 
when  conditions  require.  The  river  district  office  at  Billings  is  res- 
ponsible for  the  distribution  and  interpretation  of  flood  forecasts. 

Flood  fighting  and  emergency  evacuation  plans  -  Provisions 
for  alerting  area  residents  through  local  communications  media  and  coordina- 
ting operations  for  flood  fighting  are  available  by  the  Park  County  Civil 
Defense  Office.  This  office  is  also  coordinating  activities  to  formulate  a 
flood  disaster  plan  for  the  Livingston  vicinity. 

Material  storage  on  the  flood  plain  -  Often  floatable 
material  stored  on  the  flood  plain  is  washed  away  during  floods  to  collect 
at  points  downstream.  The  flood  plain  In  the  study  reach  is  relatively 
clear  of  such  materials.  Where  stored,  floatable  material  is  present  on 
the  flood  plain,  securing  the  material  in  some  fashion  will  Insure  against 
its  creating  an  additional  flood  hazard.  Other  floatable  material  such 
as  loose  trees,  branches,  and  logs  is  clearly  evident  along  sandbars  and 
flood  plains  adjacent  to  the  river.  This  type  of  material  is  located  all 
up  and  down  the  Yellowstone  River  and  its  tributaries  and  can  pose  serious 
debris  problems  during  a  flood  event. 
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PAST  FLOODS 

SUMMARY  OF  HISTORICAL  FLOODS 

Nine  major  floods  have  occurred  on  the  Yellowstone  River  in 
the  Livingston  area  since  1894.  These  floods  occurred  in  June  1894, 
June  1918,  June  1921,  May  1928,  June  1943,  June  1948,  June  1971,  June 
1972,  and  June  1974.  The  floods  have  been  caused  by  the  rapid  melting 
of  snow  in  the  upstream  areas.  The  highest  discharge  at  Livingston  on 
the  Yellowstone  has  been  35,300  c.f.s.  which  occurred  in  1974.  Prior  to 
the  construction  of  levees  by  the  city,  portions  of  Livingston  Island  and 
Riverside  Addition  were  flooded  almost  annually,  but  subsequent  flood 
damages  have  been  relatively  low.  However,  the  levees  only  provide  mini- 
mal protection  against  large  floods. 

Flooding  is  also  caused  by  Bi I Iman  and  Fleshman  Creeks  from  the 
west  portion  of  the  city.  These  tributaries  to  the  Yellowstone  River  flood 
primarily  from  intense  rainfall  in  the  hills  south  and  west  of  Livingston. 
Some  of  the  heaviest  damage  to  Livingston  has  been  due  to  the  floods  from 
Fleshman  and  Bi I Iman  Creeks. 

FLOOD  RECORDS 

Flows  of  the  Yellowstone  River  at  Livingston  are  recorded  by 
a  U.S.G.S.  water-stage  recorder  located  about  4  miles  south  of  Livingston. 
The  drainage  area  at  the  recording  station  is  3,551  square  miles.  The 
datum  of  the  gage  is  4,542.49  feet  above  m.s.l.,  datum  of  1929.  Natural 
regulation  of  the  river  flows  is  provided  in  part  by  Yellowstone  Lake 
upstream  from  the  gage.  Diversions  for  irrigation  do  not  materially  affect 
peak  f lows. 

Table  2  shows  the  dates,  peak  discharges,  and  gage  height  for 
some  of  the  larger  discharges  occurring  on  the  Yellowstone  River  at  the 
Livingston  gage  since  1897. 


TABLE  2 

PEAK  STAGES  AND  DISCHARGES  FOR  THE 

YELLOWSTONE  RIVER  NEAR  LIVINGSTON-^'  - 


Date                                                Gage  Height  Discharge 

(feet) 

June  I,  1897  6.9  28 , I m 

June  19,  1898  7.7  23,040 

June  20,  1899  8.6  26,280 

May  20,  1901  6.1  26,525 

June  11,  1902  6.6-^  3n,|no 

June  29,  1943  9.34  30,600 

May  29,  1948  8.24  22,600 

June  4,  1948  9.10  26,800 

June  14,  1953  7.75  21 ,200 

June  2,  1956  8.57  25,800 

June  15,  1959  8.43  24,200 

June  22,  1967  7.93  24,900 

June  20,  1968  7.91  24,600 

June  9,  1970  7.87  24,400 

June  23,  1971  8.45  29,200 

June  8,  1972  8.10  26,700 

June  19,  1974  9.08  35,300--'' 


From  U.S.G.S.  Gage  Station  located  4  miles  south  of  Livingston. 

2/ 

No  U.S.G.S.  gaging  records  are  available  for  the  years  |006-|O2R  and 


3/ 


1933-1937. 
Gage  at  different  datum  prior  to  1905. 


—   Provisional 
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FLOOD  DESCRIPTIONS 

June  1894  -  Rapidly  melting  snows  supplemented  by  rainfall 
caused  the  Yellowstone  to  flow  from  its  banks.  The  flood  crest  reached 
Livingston  on  4  June  and  floodwaters  did  not  begin  to  recede  until  8  June. 
Ninth  Street  Island,  which  was  uninhabited  at  the  time,  was  inundated. 
Livingston  Island  was  flooded  to  a  depth  of  three  feet.  Thirty-two  homes 
In  Riverside  Addition  were  flooded  on  the  first  floor,  and  many  city  streets 
were  damaged . 

16  June  1918  -  Rapidly  melting  snows  caused  flooding  at 
Livingston  on  16  and  17  June.  Ninth  Street  Island  and  Livingston  Island 
were  covered  to  a  depth  of  two  feet,  and  the  bridge  between  Livingston 
and  Ninth  Street  Island  collapsed.  Twelve  homes  and  three  sheds  in  the 
Riverside  Addition  were  flooded  with  one  to  three  feet  of  water,  and  many 
streets  were  damaged. 

27  May  1928  -  Rapid  melting  of  snows  in  the  upstream  basin 
caused  flooding  at  Livingston  on  27  May,  and  floodwaters  began  to  recede 
on  29  May.   Six  homes  on  Ninth  Street  Island  had  first  floor  flooding  and 
four  homes  had  their  grounds  flooded.  The  upstream  end  of  Livingston 
Island  was  flooded.  Floodwaters  filled  Sacajawea  Lagoon.  One  section  of 
the  bridge  spanning  the  old  channel  at  Sacajawea  Park  was  destroyed  by 
f loodwaters. 

20  June  1943  -  The  Yellowstone  River  began  to  rise  at 
Livingston  on  14  June,  and  the  flood  reached  its  peak  on  20  June.  Ninth 
Street  Island  was  covered  with  two  to  three  feet  of  water  with  damage  to 
eight  homes,  a  gravel  plant,  and  roads.  The  golf  course  and  a  barn  were 
flooded  on  Livingston  Island.  Water  came  within  2  inches  of  overtopping 
the  levee.  The  maximum  discharge  was  30,600  cubic  feet  per  second. 
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The  following  excerpts  from  the  Livingston  Enterprise  describe 
the  flood  event  of  1943: 

June  10,  1943  -  "The  Yellowstone  River,  fed  by  a  heavy 
runoff  of  snow  water,  began  an  upward 
surge  again  this  tnorning  -  -  climbing 
at  the  rate  of  an  Inch  an  hour  ..." 

June  19,  1943  -  "The  river  overflowed  Its  bank  about  three 
and  a  half  miles  south  of  Livingston  and 
water  completely  surrounded  the  Canyon 
View  tourist  cabins  and  the  Earl  Leonard 
Farm  home.  -  -  -  Overflow  had  covered  the 
main  highway  south  of  Livingston  for  a 
distance  of  800  yards  ..." 

22  June  1971  -  Unseasonably  warm  weather  caused  melting  of 
heavy  snow  cover  upstream  from  Livingston.  Heavy  runoff  caused  the 
Yellowstone  River  to  rise  to  a  peak  flow  and  stage  of  29,200  c.f.s.  and 
8.45  feet,  respectively.  Ninth  Street  Island  was  flooded  to  a  depth  of 
about  one  foot. 

Additional  description  of  the  1971  flood  as  extracted  from  the 
Livingston  Enterprise  fol lows: 

June  22,  1971  -  "With  90  degree  temperatures  today  and 
the  same  predicted  for  Wednesday,  the 
Yellowstone  Is  over  its  banks  and  flooding. 
High  water  is  running  over  the  road  just 
above  Eggar  Ready  Mix  Plant  .  .  ." 

June  2^,  1971  -  "Water  one  foot  over  9th  Street  Island 

Road.  Started  near  Interstate  bridge  .  .  . 


n 


"Ninth  Street  Island  was  cut  in  two 
Wednesday  when  the  swift  and  muddy  Yellow- 
stor  or  4  .  r,     p,  f,..  ,§toqp„R^v^r,  oveptlowei^l^lts^b^nks  ^,,  ^  ^^,^^_ 

"About  175  yards  of  the  island  road  is 
covered  with  about  a  foot  of  water  starting 
near  the  Interstate  bridge  near  Eggar  Ready 
Mix  Plant  .  .  ." 

21  June  1974  -  Warm  temperatures  coupled  with  an  exceptionally 
heavy  mountain  snowpack  caused  flooding  In  the  Livingston  vicinity  that 
reached  a  peak  stage  of  9.08  feet  on  21  June  at  the  U.S.G.S.  gage  near 
Livingston.  The  National  Weather  Service  called  It  the  worst  flooding  in 
Livingston  since  1943.  The  Ninth  Street  Island  bridge  and  View  Vista 
Road  from  the  Main  Street  bridge  to  the  golf  course  were  closed.  The 
school  football  and  track  fields  were  under  water.  Much  of  Ninth  Street 
Island  was  flooded  even  though  valiant  attempts  were  made  by  local  interests 
to  keep  out  the  f loodwaters  by  dike  construction  and  sandbagging.  The 
Burlington-Northern  Railroad  bridge  near  Riverside  Addition  was  damaged 
by  the  f loodwaters.  Photographs  on  pages  19  through  21  show  flooding  in 
the  Livingston  vicinity  on  18  June  1974.  River  stages  on  this  date  at 
the  U.S.G.S.  gage  located  4  miles  south  of  Livingston  varied  from  8.7  feet 
to  8.9  feet. 
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FUTURE  FLOODS 

Floods  of  the  same  or  larger  magnitude  as  those  that  have 
occurred  in  the  past  could  occur  in  the  future.  To  determine  the  flood 
potential  of  the  study  area,  two  floods,  the  Intermediate  Regional  Flood 
(IRF)  and  Standard  Project  Flood  (SPF)  were  analyzed  and  the  results  are 
presented  in  this  report  as  a  means  of  demonstrating  the  effects  of  large 
floods.  To  illustrate  that  large  floods  like  these  can  happen,  consider 
the  Sun  River  at  Great  Falls,  Montana  on  9  June  1964.  On  that  date  the  Sun 
River  discharge  amounted  to  an  event  which  freguency  was  considered  to  be 
approximately  half  way  between  that  of  the  IRF  and  SPF. 

INTERMEDIATE  REGIONAL  FOOOD 

The  Intermediate  Regional  Flood  is  defined  as  one  that  occurs 
once  in  100  years  on  the  average,  although  it  could  occur  in  any  year. 
The  peak  flow  of  this  flood  was  developed  from  statistical  analyses  of 
streamflow  records  at  the  Livingston  and  Corwin  Springs  gaging  stations. 
Within  the  study  reach  the  Intermediate  Regional  Flood  discharge  on  the 
Yellowstone  River  is  45,000  c.f.s. 

STANDARD  PROJECT  FLOOD 

The  Standard  Project  Flood  is  defined  as  a  major  flood  that  can 
be  expected  to  occur  from  a  severe  combination  of  meteorological  and  hydro- 
logical  conditions  that  is  considered  reasonably  characteristic  of  the 
geographical  area  in  which  the  study  area  is  located,  exiuding  extremely 
rare  combinations.  The  Corps  of  Engineers,  in  cooperation  with  the  National 
Weather  Service,  has  made  comprehensive  studies  and  investigations  based 
on  the  past  records  of  experienced  storms  and  floods  and  has  developed 
generalized  procedures  for  estimating  the  flood  potential  of  streams. 
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The  Standard  Project  Flood  ts  presented  in  this  report  as  the 
practical  upper  limit  of  flooding.  Storms  that  would  produce  this  flood 
are  uncommon,  and  it  is  difficult  to  assiqn  frequencies  of  occurrence 
with  any  reasonable  degree  of  accuracy.  The  Standard  Project  Flood  dis- 
charge on  the  Yellowstone  River  In  the  study  reach  would  be  60,000  c.f.s. 

FREQUENCY 

The  Standard  Project  Flood  is  not  the  largest  flood  that  can 
occur  but  the  probability  of  larger  floods  becomes  increasingly  remote. 
As  can  be  seen  from  gaging  records,  floods  smaller  than  either  the  Inter- 
mediate Regional  Flood  or  the  Standard  Project  Flood  are  much  more  common, 
with  an  average  peak  annual  discharge  of  about  20,900  c.f.s.  for  the  gaging 
record  at  the  U.S.G.S.  gage  on  the  Yellowstone  River  south  of  Livingston. 

HAZARDS  OF  LARGE  FLOODS 

The  extent  of  damage  caused  by  any  flood  depends  on  the  topog- 
graphy  of  the  area  flooded,  depth  and  duration  of  flooding,  velocity  of  flow, 
rate  of  rise,  and  developments  on  the  flood  plain.  An  Intermediate  Regional 
or  Standard  Project  Flood  on  the  Yellowstone  River  in  the  study  reach  would 
result  in  the  inundation  of  and  subsequent  damage  to  residential,  commercial, 
recreational,  and  agricultural  properties.  Deep  floodwater  flowing  at  high 
velocity  and  carrying  floating  debris  would  create  conditions  hazardous  to 
persons  and  vehicles  attempting  to  cross  flooded  areas.   In  general,  flood- 
water  two  or  more  feet  deep  and  flowing  at  a  velocity  of  3  or  more  feet  per 
second  could  easily  sweep  an  adult  person  off  his  feet,  thus  creating  def- 
inite danger  of  injury  or  drowning.  Rapidly  rising  and  swiftly  flowing 
floodwater  may  trap  persons  in  homes  that  are  ultimately  destroyed,  or  in 
vehicles  that  are  ultimately  submerged  or  floated.  Water  lines  can  be 
ruptured  by  deposits  of  debris  and  the  force  of  floodwaters,  thus  creating 
the  possibility  of  contaminated  domestic  water  supplies.  Damaged  sanitary 
sewer  lines  could  result  in  pollution  of  floodwater  creating  health  hazards. 
Isolation  of  areas  by  floodwater  such  as  Ninth  Street  Island  could  create 
Hazards  in  terms  of  medical,  fire,  or  law  enforcement  emergencies. 
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Flooded  area  and  flood  damages  -  Water  surface  profiles  for 
the  Intermediate  Regional  and  Standard  Project  Floods  were  developed  for 
the  study  reach  using  the  backwater  ccwnputer  program  HEC-2,  "Water  Surface 
Profiles"  developed  by  the  U.S.  Army  Corps  of  Engineers.  The  computations 
were  based  on  channel  and  flood  plain  conditions  as  represented  by  surveys 
conducted  in  the  summer  of  1973  and  as  supplemented  by  later  field  investiga- 
tions. 

The  profiles,  on  plates  8  and  9  show  the  elevation  of  the  water 
surfaces  and  water  depths  relative  to  the  stream  bed.  The  water  surface 
elevations  were  used  to  determine  flood  limits  on  the  cross  sections  and 
topographic  maps'and  in  turn  the  flood  boundaries  were  transferred  to  the 
aerial  photographs.  The  results  are  shown  on  the  flooded  areas  maps,  plates 
3  through  7.  An  index  to  the  flooded  areas  plates  is  on  plate  2.  Repre- 
sentative cross  sections  are  illustrated  on  plates  10  and  II.  The  cross 
sections  show  ground  elevations  across  the  valley  on  both  sides  of  the 
channel  and  depths  of  overbank  flooding.  Reference  points,  coinciding 
with  the  location  of  surveyed  cross  sections,  are  provided  to  locate  flood 
elevations  at  intervals  along  the  river.  The  reference  point  locations  are 
shown  on  the  flooded  areas  maps,  profiles,  and  cross  sections  for  correlation 
between  drawings.  Table  3  provides  data  at  reference  point  locations. 
Including  distance  along  the  main  channel  center  I ine,  elevations  of  the 
stream  bed,  and  elevations  of  the  Intermediate  Regional  and  Standard 
Project  Floods. 

Flood  elevations  for  the  two  large  potential  floods  can  be 
obtained  from  the  profiles,  cross  sections,  or  reference  tables.  For  a 
specific  situation  where  accuracy  of  flooded  area  is  required,  the  flood 
limits  can  be  more  accurately  established  by  determlniflg'^rarters'^surt^e 
elevation  from  one  of  the  above  sources  and  then  locating  that  elevation 
by  survey  on  the  flood  plain. 

This  study  indicates  that  upstream  from  reference  point  4  and 
downstream  from  reference  point  23  the  flooded  areas  include  mainly  agri- 
cultural land  with  only  intermittent  farmsteads  or  ranches.  However, 
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between  these  two  points  Ifes  an  area  In  which  some  portions  are  rather 
heavily  developed  such  as  the  Riverside  Addition.   In  this  area  the  IRF 
Inundates  the  area  from  0  to  4  feet.  On  Livingston  Island,  the  IRF  flood- 
ing averages  about  3  feet  deep,  thus  flooding  such  areas  as  the  high  school 
facilities,  the  golf  course,  the  Montana  National  Guard  Armory,  the  drive- 
in  theatre,  and  the  fair  ground  facilities.  Sacajawea  Park  and  Ninth 
Street  Island  both  receive  flooding  from  the  IRF.  On  Ninth  Street  Island, 
IRF  flooding  Is  I  to  4  feet  deep.  Siebeck  Island  is  also  entirely  inun- 
dated thus  flooding  a  few  residences  and  the  gravel  mining  operation  to 
depths  ranging  from  2  to  5  feet.  Above  Siebeck  Island  near  reference  point 
10  IRF  floodwater  crosses  U.S.  Highway  89  and  the  Burlington  Northern  Rail- 
road. Flooding  In  this  area  appears  to  be  confined  mainly  to  residential* 
property.  Keep  in  mind  that  the  Standard  Project  Flood,  due  to  Its  larger 
magnitude,  can  be  expected  to  cause  even  more  severe  flooding  and  damages. 
Photographs  on  page  28  Illustrate  potential  flood  depths  at  various  locations, 

Obstructions  to  floodflows  -  Seven  roadways,  both  highway  and 
railroad,  cross  the  entire  Yellowstone  River  flood  plain  in  the  study  reach. 
These  roadways  are  the  major  obstructions  to  flood  flows  found  in  the  study 
reach  as  can  be  seen  from  the  water  surface  profile,  plates  8  and  9.   Inter- 
state 90,  the  Burlington  Northern  Railroad,  and  U.S.  Highway  89  (reference 
points  13,  29,  and  30  respectively)  have  roadways  crossing  the  flood  plain 
which  are  high  enough  to  prevent  all  floods  studied  in  this  report  from 
flowing  over  the  roadway  thus  forcing  all  floodwaters  through  the  bridges. 
This  situation  coupled  with  the  obstructions  in  the  bridge  due  to  piers 
creates  higher  stages  upstream  from  these  bridges.   In  addition,  this 
phenomenon  creates  higher  velocities  In  the  immediate  vicinity  of  the 
bridge  Increasing  the  chances  for  bridge  failure  due  to  erosion  around 
bridge  piers  and  abutments. 

The  remaining  three  roadways  crossing  the  entire  flood  plain 
In  the  study  reach  are  such  that  some  water  is  able  to  overtop  the 
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roadways  reducing  that  flowing  through  the  bridge.  At  the  Carter  Bridge 
(reference  point  5)  approximately  \0f   of  the  SPF  flows  over  that  portion  of 
the  roadway  between  the  bridge  and  U.S.  Highway  89.  At  the  Burlington 
Northern  Railroad  and  U.S.  Highway  10  (reference  points  22  and  23)  approxi- 
mately \5%   of  the  IRF  and  21%   of  the  SPF  is  diverted  from  the  river  between 
reference  points  19  and  22  due  to  the  high  roadway  embankments  at  this  point, 
especially  that  of  the  railroad  crossing.  This  water  flows  northeast  along 
the  upstream  side  of  U.S.  Highway  10  and  the  Burlington  Northern  Railroad 
both  of  which  slope  downward  across  the  flood  plain  as  one  progresses  east. 
This  diverted  water  eventually  crosses  these  roadways  spilling  across  the 
downstream  flood  plain  as  sheet  flow  shown  on  plates  5   and  6. 

During  large  floods,  such  as  the  IRF  and  SPF,  debris  lying  loose 
on  the  flood  plain  as  well  as  buildings,  trees,  etc.  normally  attached  to  but 
dislodged  from  the  flood  plain  by  the  water  force,  can  lodge  at  downstream 
locations  such  as  bridges  creating  flow  obstructions.  However,  due  to  the  fact 
that  the  occurrence  and  location  of  debris  obstructions  are  indetermin- 
ant  factors,  no  allowance  in  the  hydraulic  computations  was  made  for  this 
phenomenon.  At  bridges,  only  the  physical  characteristics  of  the  bridge  and 
roadway  were  considered. 

Due  to  the  infrequent  occurrence  of  ice  effects  in  the  study 
reach  as  shown  by  the  gaging  records,  no  consideration  was  given  to  ice 
effects  when  performing  the  hydraulic  computations.  However,  this  does 
not  mean  that  ice  effects  will  never  again  play  a  role  in  water  stages  and 
ensuant  flood  damages  during  a  flood  event.   In  order  to  account  for  the 
possibility  of  future  ice  effects  when  considering  flood  plain  development, 
all  development  susceptible  to  flood  damages  should  be  located  at  least  2 
feet  above  the  average  elevation  of  the  adjacent  flood  plain  or  at  least  I 
foot  above  the  elevation  of  the  IRF,  whichever  is  greater.  Bear  in  mind 
that  in  the  event  of  complete  channel  blockage  beneath  a  bridge,  the  water 
surface  will  increase  until  relief  is  accomplished  by  flow  over  the  adja- 
cent roadway.  This  may  result  in  flooding  higher  than  that  considered 
in  the  flood  plain  development  guidelines  stated  earlier  in  this  paragraph. 
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Fioure  15,   Looking  at  the  southwest  corner  of  the 
Montana  National  Guard  Armory. 


Fiqure  16.   Lookinq  at  the  northeast  corner  of  the 
city  tennis  court  in  Sacajawea  Park. 
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Velocities  of  flow  -  Water  velocities  during  flood  depend 
largely  on  such  parameters  as  size  and  shape  of  the  cross  sections,  condi- 
tions of  the  stream,  bed  slope,  etc.,  all  of  which  vary  on  different  streams 
and  at  different  locations  along  the  same  stream.   In  the  Livingston  vicinity 
on  the  Yellowstone  River,  average  velocities  produced  by  the  Intermediate 
Regional  Flood  range  as  high  as  15  feet  per  second  in  the  stream  channel 
and  as  high  as  4  feet  per  second  on  the  flood  plain.  For  the  Standard 
Project  Flood  these  values  are  |7  and  4.5  respectively-.  Localized  velo- 
cities in  constructed  areas  or  flow  constrictions  may  be  even  higher.  Water 
flowing  at  these  rates  can  inflict  severe  damage  to  bridge  structures  and 
flood  plain  development  as  well  as  pose  a  serious  hazard  to  those  persons 
in  the  path  of  the  moving  water. 

Rate  of  rise  and  duration  of  flooding  -  Floods  in  the  study  reach 
normally  result  from  snowmelt,  or  a  combination  of  snowmelt  and  rainfall. 
However,  flooding  due  to  rainfall  only  is  entirely  possible.  For  large 
flows  in  the  study  reach  the  time  from  initial  rise  to  peak  discharge  is 
about  one  day  while  the  duration  of  the  flood  wave  is  about  3.5  days. 
Discharges  in  excess  of  the  historical  June  average  discharge  of  13,400 
c.f.s.  can  be  expected  to  occur  for  4  weeks  during  the  snowmelt  period 
running  from  late  May  to  early  July. 
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GLOSSARY  OF  TERMS 

Bearing 

The  horizontal  angular  measurement  of  a  line,  in  degrees, 
east  or  west  of  a  north-south  reference  line. 

Flood 

An  overflow  on  lands  not  normally  covered  by  water  and  that 
are  used  or  usable  by  man.  Floods  have  two  essential  characteristics: 
the  inundation  of  land  is  temporary;  and  the  land  is  adjacent  to  and 
inundated  by  overflow  from  a  river  or  stream  or  an  ocean,  lake  or  other 
body  of  standing  water. 

Normally  a  flood  is  considered  as  any  temporary  rise  in  stream- 
flow  or  stage,  but  not  the  ponding  of  surface  water,  that  results  in 
significant  adverse  effects  in  the  vicinity.  Adverse  effects  may  include 
damages  from  overflow  of  land  areas,  temporary  backwater  effects  in  sewers 
and  local  drainage  channels,  creation  of  unsanitary  conditions  or  other 
unfavorable  situations  by  deposition  of  materials  in  stream  channels  during 
flood  recessions,  use  of  ground  water  coincident  with  increased  streamflow, 
and  other  problems. 

Flood  Crest 

The  maximum  stage  or  elevation  reached  by  the  waters  of  a 
flood  at  a  given  location. 

Flood  Plain 


The  relatively  flat  area  or  lowlands  adjoining  the  channel 
of  a  river,  stream  or  water  course  or  ocean,  lake  or  other  body  of 
standing  water,  which  has  been  or  may  be  covered  by  floodwater. 

Flood  Prof i le 

A  graph  showing  the  relationship  of  water  surface  elevation 
to  location,  the  latter  generally  expressed  as  distance  above  mouth  for 
a  stream  of  water  flowing  in  an  open  channel.   It  is  generally  drawn  to 
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show  surface  elevation  for  the  crest  of  a  specific  flood,  but  may  be 
prepared  for  conditions  at  a  given  time  or  stage. 

Flood  Stage 

The  stage  or  elevation  at  which  overflow  of  the  natural  banks 
of  a  stream  or  body  of  water  begins  in  the  reach  or  area  in  which  the 
elevation  is  measured. 

Head  Loss 

The  effect  of  obstructions,  such  as  narrow  bridge  openings  or 
buildings  that  limit  the  area  through  which  water  must  flow,  raising  the 
surface  of  the  water  upstream  from  the  obstruction. 

Intermediate  Regional  Flood 

A  flood  having  a  one  percent  probability  of  occurrence  in  any 
year  or  an  average  frequency  of  occurrence  in  the  order  of  once  in  100 
years.  The  flood  may  occur  In  any  year.   It  is  based  on  statistical 
analysis  of  streamflow  records  and  analyses  of  rainfall  and  runoff 
characteristics  in  the  general  region  of  the  watershed. 

Left  Bank 

The  bank  on  the  left  side  of  a  river,  stream  or  water  course, 
looking  downstream. 

Reference  Point 

A  numbered  point  Identifying  a  specific  location  for  correlating 
the  data  shown  in  various  forms  throughout  the  report. 

Right  Bank 

The  bank  on  the  right  side  of  a  river,  stream  or  water  course, 
looking  downstream. 
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Sheet  Flow 

The  water  which  is  diverted  from  the  main  floodflow  by  ob- 
structions and  variances  in  topography.  This  water  flows  at  shallow 
depths  and  normally  at  elevations  different  from  the  water  flowing  in 
the  adjacent  channel  or  on  the  adjacent  flood  plain.  Due  to  the  shallow 
depths  and  irregular  flow  patterns  associated  with  this  type  of  flow, 
computations  to  predict  flow  depth  are  considered  impractical. 

Standard  Project  Flood 

The  flood  that  may  be  expected  from  the  most  severe  combination 
of  meteorological  and  hydrological  conditions  that  are  considered  reason- 
ably characteristic  of  the  geographical  area  in  which  the  drainage  basin 
is  located,  excluding  extremely  rare  combinations.  Peak  discharges  for 
these  floods  are  generally  about  40  percent  to  60  percent  of  the  Probable 
Maximum  Floods  for  the  same  basins.  Such  floods,  as  used  by  the  Corps  of 
Engineers,  are  Intended  as  practicable  expressions  of  the  degree  of  pro- 
tection that  should  be  sought  in  the  design  of  flood  control  works,  the 
failure  of  which  might  be  disastrous. 

Top  of  Waterway 

This  Is  the  roof  of  the  opening  In  a  stream  crossing  through 
which  water  flows  under  normal  conditions.  It  Is  the  underside  of  the 
deck  span  -  sometimes  called  "low  steel",  the  roof  of  a  box  culvert  or 
the  crown  of  an  arched  or  circular  culvert. 
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2.  for  profile,  see  plate  8. 
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scale   in    feet 

0  ICXX) 2000 


YELLOWSTONE    RIVER    BASIN 
LIVINGSTON,  MONTANA 

YELLOWSTONE  RIVER 
FLOODED     AREAS 

U.     S,    ARMY    ENGINEER      DISTRICT,   OMAHA 
CORPS    OF    ENGINEERS       OMAHA,  NEBRASKA 
NOVEMBER    1974 


PLATE     3 


INTERMEDIATE 
REGIONAL    FLOOD 


'  STANDARD 
•  PROJECT 
FLOOD 


CHANNEL   CROSS    SECTION 


REFERENCE  POINT- ALSO 
LOCATIONS  OF  SURVEYED 
CROSS   SECTIONS 


notes: 

1.  for  illustrated  cross  section, 

SEE    plate   IQ 

2.  for    profile,  see    plates  8  8  9. 

3.  FOR    flood   elevations  AT    THE 
reference   point,  see    TABLE  3 

scale   in    feet 

1000  0  1000  2000 


YELLOWSTONE    RIVER   BASIN 
LIVINGSTON,  MONTANA 

YELLOWSTONE  RIVER 
FLOODED     AREAS 

U,     S,     ARMY    ENGINEER      DISTRICT,  OMAHA 

CORPS    OF    ENGINEERS       OMAHA,  NEBRASKA 

NOVEMBER    1974 


intermediate 
"regional  flood 


STANDARD 
PROJECT 


I  FLOOD 


CHANNEL  CROSS    SECTION 


REFERENCE  POINT- ALSO 
LOCATIONS  OF  SURVEYED 
CROSS   SECTIONS 


notes; 

i.    fdr  illustrated  cross  section, 
see  plate  ii. 

2.  fdr  profile,  see  plate  9. 

3.  fdr  flood  elevations  at  the 
reference  point,  see  table  3 

scale   in    feet 

1000        0 1000 2000 


YELLOWSTONE    RIVER  BASIN 
LIVINGSTON,  MONTANA 

YELLOWSTONE  RIVER 
FLOODED     AREAS 

U.     S.     ARMY    ENGINEER      DISTRICT,  OMAHA 

CORPS    OF  ENGINEERS      OMAHA,  NEBRASKA 

NOVEMBER    1974 


PLATE  5 


intermediate 
"regional  FLUOD 


•  STANDARD 
■  PROJECT 


I FLUOD 


CHANNEL   CROSS    SECTION 


REFERENCE  POINT- ALSO 
LOCATIONS  OF  SURVEYED 
CROSS  SECTIONS 


notes: 

i.    for  illustrated  cross  section, 
see  plate  ii. 

2.  for  profile,  see  plate  9 

3.  for  flood  elevations  at  the 
reference  point,  see  table  3 

scale  in   feet 

0  1000        2000 


YELLOWSTONE    RIVER  BASIN 
LIVINGSTON,   MONTANA 

YELLOWSTONE  RIVER 
FLOODED     AREAS 

U.     S,     ARMY   ENGINEER      DISTRICT,   OMAHA 
CORPS    OF   ENGINEERS       OMAHA ,  NEBRASKA 
NOVEMBER    1974 


REAM  LIMITS 
.Z0      STUDY 


INTERMEDIATE  ]  STANDARD 

PROJECT 


REGIONAL   FLOOD 


I  FLOOD 


CHANNEL  CROSS    SECTION 


REFERENCE  POINT- ALSO 
LOCATIONS  OF  SURVEYED 
CROSS  SECTIONS 


notes: 

i.    for  profile,  see  plate  9. 
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